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PROCESS FOR RECOVERY OF SUBLIMING SUBSTANCE 
Background of the Invention 

1. Field of the Invention : 

This invention relates to a process for recovering a subliniing substance and more 
5 . specifically to a process for recovering a subliming substance produced by a gas phase 
catalytic oxidation. 

2. Description of Related Art : 

Pyromellitic anhydride is a subliming substance and is useful as the raw material 
mainly for a heat-resistant macromolecular substance such as polyirpide resin or a curing 
10 agent for epoxy resins. 

A technique for producing pyromellitic anhydride with high purity is disclosed in 
JP-A- 10-265 ,474, which comprises introducing a pyromellitic anhydride-containing gas into 
a vertical recovery vessel provided with a surface for the deposition of crystals of 
pyromellitic anhydride, allowing the pyromellitic anhydride to be deposited in the form of 
15 crystals on the surface, and heating the surface to a temperature of 210° - 260° C and thereby 
causing the crystals to peel from the surface and fall down. 

JP-A-1 0-279,522 also^ discloses a recovery process which comprises causing 
pyromellitic anhydride to be deposited in the form of crystals on the surface for crystal , 
deposition and then lowering the temperature of the surface below the temperature during the 
20 deposition of crystals thereon thereby causing the deposited crystals to peel off the surface 
and fall down. 

Summarv of the Invention 
When a gaseous substance is collected in a solid state, the efficiency of this collection 
will be enhanced as the temperature at which the collection proceeds is lowered. The 

25 lowering of the temperature of this collection, however, has heretofore entailed problems 
such as causing formed crystals to color and tend easily adhering to the surface used for the 
collection and, with the decrease in the' temperature, suffering the crystals increasingly to 
gain in density, adherence to the surface, and difficulty of separation from the surface. This 
collection has been, therefore, performed at such a high temperature as enables the formed 

30 product to avoid coloration and allow relatively easy recovery in spite of a low efficiency of 
collection. 

We have made a diligent study of the above problems and have consequently 
discovered that even crystals collected at a lower temperature than ever can be recovered 
fully by combining the steps of lowering and heightening the temperature of the surface used 
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for collecting devices. This invention has been achieved as a result. 

This invention is accomplished by a process for recovering a subliming substance in 
the form of crystals from a subliming substance-containing, which process is characterized by 
combining an operation of cooling the surface of the collecting tubes for deposition of 
5 crystals to a temperature lower than the temperature at which the crystals deposit with an 
operation of heating the surface to a temperature higher than the temperature at which the 
crystals deposit. 

According to the process of this invention, the subliming substance can be recovered 
continuously with a high efficiency without coloring problem thereof by combining the 
10 cooling and heating operations even when a given subliming substance is collected at a lower 
temperature than ever. 

The above and other objects, features and advantages of the present invention will 
become clear from the following description of the preferred embodiments. 
I Brief Description of Drawing 

15 The accompanying drawing incorporated in and forming a part of the specification, 

illustrates several aspects of the present invention, and together with the description serve to 
explain the principles of the invention. In the drawing: 

Figure is a cross section illustrating one example of a shell-and-tube collecting device 
to be used for this invention. 
20 Detailed Description of the Preferred Embodiments 

The term "subliniing substance" as used in the specification of this invention means a 
subliming organic cortipound, a subliming inorganic compound, and a subliming simple 
substance that reach a temperature of not lower than 200° C while they deposit as crystals. 
Examples of subliming substances may include pyromellitic anhydride, naphthalic anhydride, 
25 anthraquinone, terephthalic acid, fumaric acid, nicotinic acid, melaniine, alanine, 
phiroglucinol, chloranil, chloranilic acid, vanillic acid, and hexainethylene tetramine. These 
compounds can be produced by a gas phase catalytic oxidation reaction. The following 
description will adopt pyromeUitic anhydride as a representative of such subliming 
substances, 

30 The gas containing pyromellitic anhydride to be used in the present invention is not 

particularly restricted but only required to contain pyromellitic anhydride. Generally, a gas 
containing pyromellitic anhydride (which may be referred to as "PMDA" herein below) that 
is obtained by the catalytic gas phase oxidation of Durene is preferably used. The catalyst 
for this reaction may be any of the known catalysts. A catalyst which contains vanadium 
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and silver as essential components and has an atomic ratio of silver to vanadium in the range 
of 0.0001 - 0.2, for example, may be cited. The concentration of PMDA may be in the 
range of 10-100 g/N(normal) m^. 

Figure is a cross-sectional explanatory diagram of the apparatus for the collection of 
5 the PMDA as contemplated by this invention. The collecting tubes shown in the diagram 
are exaggerated for the purpose of clarifying the description. 

With reference to Figure, a shell-and-tube collecting device 1 formed of a cylindrical 
vessel is provided in the lower part thereof with a heat transfer medium or refrigerant inlet 
tube 2 for introducing a heat transfer medium or refrigerant and in the upper part thereof with 

10 a heat transfer medium or refrigerant outlet tube 3 for discharging the introduced heat transfer 
medium or refrigerant. The collecting device 1 is provided therein with dispersed cooling 
tubes (otherwise called as "collecting tubes") 5 so adapted to allow passage of a heat transfer 
medium through the gaps between the tubes. Further, the collecting device 1 is provided in 
the conical part, thereof with gas inlet tubes 4a and 4b for introducing a PMDA-containing 

15 gas and it is provided in the bottom of the conical part thereof with a crystal discharging 
device 19 for removing precipitated crystals. The PMPA-containing gas is passed through 
the interiors of the cooling tubes 5 and, during this passage, is cooled by the heat transfer 
medium and consequently converted into crystals and deposited on the inner walls of the 
cooling tubes 5. The collecting device 1 is further provided in the upper part thereof with an 

20 emitting part 20 of exhaust gases. 

The cooling tubes in the general shell-and-tube heat exchanger have relatively small 
diameters for the purpose of heightening the heat-exchange capacity of the heat exchanger 
per unit volume. Those having an approximate diameter of 25.4 rnm have been in popular 
use. It is preferable to use a cooling tube 5 having a larger (inside) diameter. The diameter 

25 is generally in the range of 100 - 500 mm, preferably 150 - 400 mm, and more preferably 150 
- 300 mm. If the inside diameter falls short of 100 mm, the shortage will be at a 
disadvantage in rendering separation and recovery of collected crystals difficult. 
Conversely, if the inside diameter exceeds 500 mm, the excess wijl be at a disadvantage in 
degrading the ratio of collection of PMDA because of degrading an inferior cooling 

30 efficiency of the central parts of the cooling tubes. 

The average speed of the passage of the PMDA-containing gas through the collecting 
tubes 5 is not particularly restricted but only required to permit necessary collection of the 
PMDA. It is generally in the range of 0.05 - 1 m/sec, preferably 0.05 - 0.5 m/sec. If this 
average speed falls short of 0.05 m/sec, the- short<age will be at a disadvantage in necessitating 
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use of an unduly large facility in spite of a high collecting efficiency and rendering the 

operation uneconomical. Conversely, if the average speed exceeds 1 m/sec, the excess will 

be at a disadvantage in degrading the collecting efficiency. 

In the vertical shell-and-tube collecting device 1, the direction of passage of the 
5 PMDA-containing gas through the cooling tubes 5 may be upward or downward. The 

up-flow of the gas is preferred over the down- flow thereof for the purpose of facilitating the 

deposition and growth of crystals. 

The heat transfer medium is supplied in a flow for the purpose of cooling the 

PMDA-containing gas. The medium may be flowed in the same or opposite direction from 
10 that of the PMDA-containing gas. The medium is preferably flowed in the same direction 

from the viewpoint of the thermal efficiency. Optionally, the gaps for passing the heat 

transfer medium may be divided into two vertical steps, an upper one and a lower one, and 

two kinds of heat media having different temperatures may be utilized in these two steps to 

effect cooling. The heat transfer medium is not particularly restricted. Examples of heat 
15 transfer itiediums may include inorganic salts, oils, and hot water. Specifically, HTS, 

Dowtherm, and Therm-S are available heat media. 

The combination of the cooling operation and the heating operation may be effected 

in either of the following modes, the cooling operation lowering the temperature of the 

surfaces for crystal deposition which are the inner walls of the cooling tubes below the 
20 temperature of the crystal deposition and the heating operation heightening the temperature of 

the surfaces above the temperature of the crystal deposition: 

(1) Heating the surfaces from the temperature of the crystal deposition and then 
cooling the surfaces from the heightened temperature, and 

(2) Cooling the surfaces from the temperature of the crystal deposition and then 
25 heating the surfaces from the lowered temperature. 

Further, in the process of (1), the surfaces may be fiirther heated to a heightened 
temperature and, as occasion demands, may be fiirther cooled. By the same token, in the 
process of (2), the surfaces be fiirther cooled and, as occasion demands, may be further 
heated to a heightened temperature. By repeating these operations, it is possible to enhance 
30 the ratio of recovery. 

For a start, the process for perfomiing the heating operation will be described. 

Prior to heightening the temperature of the surfaces of the inner walls of the collecting 
tubes by the use of an apparatus illustrated in Figure, the PMDA-containing gas is introduced 
via the gas inlet tubes 4a and 4b into the shell^and-tube collecting device 1 and the PMDA is 
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deposited in the form of crystals on the inner surfaces (which may be called otherwise as 
"crystal deposition surfaces") of the cooling tubes 5 which are retained at a prescribed 
temperature by the heat transfer medium. The introduction of the PMDA into the collecting 
device is stopped. By switching the heat transfer medium mentioned above to another heat 
5 transfer medium retained at a temperature higher than that of the crystal deposition, the 
temperature of the crystal deposition surfaces is heightened. When the prescribed 
temperature for crystal deposition is assumed to be 175*^ C, for example, the heightening of 
the surface is performed at a temperature not less than 15° C, preferably by 20° - 150° C, 
from 175° C. This reason is that if this increment is not more than 15° C, the shortage will 

10 unduly lower the sublimation pressure of crystals and prevent the separation of crystals from 
being effected fully. This constitution ensures to recover PMDA with high purity by 
causing the deposited crystals to peel off and fall down. Incidentally, the prescribed 
temperature of the crystal deposition surfaces is generally in the range of 100° - 250° C. 

Now, the process for the cooling operation from the temperature of the deposition of 

15 crystals will be described. 

After PMDA has been deposited in the form of crystals on the crystal deposition 
surfaces, which are retained at the prescribed temperature by the heat transfer medium, the 
temperature of the surfaces is lowered below the temperature of the deposition of crystals by 
switching the cooling medium mentioned above to another cooling medium having a lower 

20 temperature than that of the deposition of crystals. When the prescribed temperature is 
assumed to be 170° C, for example, the cooling of the surfaces is performed at a temperature 
not less than 15° C, preferably 20° - 170° C, lower than 170° C. The cooling medium is one 
kind of heat transfer medium. This reason is that if the increment falls short of 15° C, the 
shortage will result in diminishing the difference in expansion arid contraction due to the 

25 temperatures of the surfaces and the crystals and consequently rendering the separeition and 
fall of the crystals from the surfaces proportionately difficult. To make the purpose of use 
for cooling clear, the designation of "cooling medium" will be particularly employed here. 
By employing such a constitution, consequently harnessing the difference in expansion and 
contraction due to the fall of the temperature of the surfaces from that of the deposited crystal, 

30 the deposited crystals are enabled to peel and fall to ensure recovery of PMDA of high purity. 

The temperature of the crystal deposition surfaces is preferably controlled to fall at a 
speed exceeding 15° C/hour and preferably falling in the range of 20° - 170° G/hour for the 
sake of enabling the deposited crystals to peel and fall easily. This reason is that the 
difference in thermal conductivity between the deposited crystals and the surfaces 
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consequently causes the difference in temperature between the deposited crystals and the 
surfaces to exceed 15^ C at a certain point and enables the deposited crystals to assume a 
state of easily peeling and falling. * 

Further, it is proper to choose a material for the crystal deposition surfaces that the 
5 coefficient of thermal expansion during the fall of the temperature of the surfaces may be not 
less than 1.0 x 10"^/° C from the viewpoint of enlarging the difference in expansion and 
contraction due to the temperatures of the surfaces and the crystals. If the coefficient falls 
short of 1 .0 X 10"^/° C, the shortage will result in diminishing the difference of expansion and 
contraction between the surfaces and the crystals. Examples of the material, which has a 

10 coefficient of thermal expansion of not less than 1.0 x 10~V*^ C, raay include carbon steel and 
stainless steel. When stainless steel is used, the coefficient of thermal expansion during the 
fall of the temperature from 185° C to 50^ C is about 1.7 x 10~V° C. 

It is effective to grind the crystal deposition surfaces and the conical lateral walls 
imparted to the lower part of the collecting device for the sake of enabling the deposited 

1 5 crystals to peel and fall easily during both the heating and cooling operations. The grinding 
treatment performed till the degree of roughness, Ry [JIS (Japanese Industrial Standards) 
B0691 1994], reaches 9.4 |Lim, preferably 5 |im, and more preferably 1 |am. The buffing 
technique and the electrolytic polishing technique may be cited as examples of grinding 
treatment. The crystal deposition surfaces are preferred to be devoid of any part that is 

20 liable to hinder the separation and fall of the crystals. From this point of view, the cooling 
tubes constituting the crystal deposition surfaces may effectively formed of a seaniless tube. 

Further, the crystals are effectively recovered by additionally imparting vibration or 
shock to the crystals to an extent incapable of inducing inconveniences during the separation 
and fall of the crystals. Examples of the implementation of this measure tnay include 

25 processes which uses a vibrator or a knocker to impart a local vibration or shock, which ^ 
causes the collecting device to be wholly vibrated, which consists in applying a forced 
current of high-pressure fluid (liquid or gas) to the crystal deposition surfaces till the crystals 
are peeled, and which consists in using' a soot-blowing technique. The relevant tool may be 
driven electrically, mechanically, or by means of pressure. The mode of this driving is not 

30 particularly restricted. This constitution ensures to heighten further the efficiency of 
recovery of crystals because the actions of peeling crystals by the combined measures are 
simultaneously exerted on the crystals. It is effective to use the process of the present 
invention in combination with a process for imparting a vibration by virtue of acoustic wave 
to the deposited crystals. 
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Part of the crystals that have adhered to the cooling tubes spontaneously peel and fall 
down. For the sake of promoting the separation of the deposited crystals, the collecting 
device, encircling the cooling tubes, on the periphery thereof should be provided with 
vibrating or striking mechanisms 6a and 6b. The striking mechanisms may be actuated 
5 intermittently or intensively, hi consideration of the spontaneous fall of part of the crystals, 
however, it is advantageous to actuate them intensively after the crystals have been 
accumulated to a certain extent from the viewpoint of the efficiency of energy. As regards 
the quantity of striking mechanisms, it is generally proper to provide a plurality of such 
striking mechanisms, though depending on the size of the striking mechanisms or the 

10 efficiency of striking. Though the position for disposing the striking mechanisms is not 
particularly restricted, at least one such striking mechanism is preferably disposed on a tube 
sheet with a view to enhancing the effect of peeling. Further, in the case of the heating 
operation, it is effective to actuate the striking mechanisms after the thermal medium has 
been heated to a temperature (for example, 250"" C) higher than that of collection or 

15 deposition and a sufficient sublimation pressure has been consequently applied to the crystal 
deposition surfaces for the sake of promoting the separation of deposited crystals. 

Further, it is effective to actuate the striking mechanisms after the cooling temperature 
has been lowered (to 30° C, for example) below the temperature of the collection and a 
sufficient difference in thermal expansion has been consequently established between the 

20 crystals and the crystal deposition surfaces for the sake of promoting more thoroughly the 
separation of the deposited crystals. 

The gas that is discharged firom a gas discharging part 20 partly contains the PMDA. 
The gas is gathered in an empty space 17 formed in the upper part of the collecting device 
^ and then treated with an exhaust gas combustion device (not shown) so as to bum flammable 

25 substances such as PMDA contained in the exhaust gas. It is permissible to subject the 
exhaust gas to secondary collection prior to the combustion of the exhaust gas for the sake of 
collecting the PMDA. The secondary collection may be implemented by using any of 
collecting mechanisms such as a cyclone, a bag filter, a washing tower, and a wetted-wall 
column. 

30 The process for recovering the PMDA-containing gas has been described. When a 

striking or vibrating mechanism such as a knocker is used during the recovery of crystals, 
which have adhered to the inner walls of the collecting tubes, the operation encounters the 
possibility of inciting a gas dust explosion, depending on the concentrations of the PMDA 
gas and dust entering the interior of the collecting device. It is, therefore, necessary to 
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suspend temporarily the feed of the gas to the collecting device during the course of the 
recovery. It is preferable to use a plurality (two, for example) of shell-and-tube collecting 
devices and effect continuous collection and recovery of the PMDA by performing the 
process of recovery with a first shell-and-tube collecting device while continuing the process 
5 of collection with a second shell-and-tube collecting device. Specifically, this preferred 
system can be carried out by providing a valve for dividing the direction of flow of the 
PMDA-containing gas, connecting the divided flow paths of the gas to not less than two 
shell-and-tube collecting devices, and performing the process of collection with at least one 
of the collecting devices while continuing the process of recovery with the other collecting 
10 device. This system ensures to recover PMDA of high purity with high efficiency. 

EXAMPLES 

Now, this invention will be described more specifically below with reference to 
examples. It should be noted, however, that this invention ought not be interpreted 
exclusively based on these examples. 

15 COMPARATIVE EXAMPLES 1 - 2 AND EXAMPLES 1 - 2 

\- * • ■ ■ • ■■ 

In a reaction tube made of stainless steel, measuring 1 inch in inside diameter, and- 
packed with a catalyst having vanadium pentoxide and titanium dioxide as main components 
and molded in the shape of pellets 5 mm in diameter, Durene of a concentration of 20 g/m^ 
(NormaI)(per 1 m"^ of air) was subjected to catalj^ic gas phase oxidation under the conditions 
20 of 5000 Hr^ in space velocity and 385° C in reaction temperature to form a. gas containing 
PMDA. The degree of conversion of Durene was 99,8 mol% and the selectivity to PMDA 
was 65,0 mol%. 

The PMDA-containing gas thus obtained was cooled tentatively to 235^ C and then 
introduced into a shell-and-tube collecting device retained in advance at 170° C by a heat 
25 transfer medium. 

Figure illustrates a longitudinal section of the shell-and-tube collecting device used in 
this invention. In Figure, a reaction product gas containing PMDA was introduced via gas 
inlet tubes 4a, 4b into the collecting device 1 made of stainless steel (SUS 316) and retained 
at a prescribed temperature (170° C) so as to induce deposition of PMDA in the form of 
30 crystals on the surfaces of cooling tubes 5 . 

After the collection was continued for 48 hours, the cooling and heating operation was 
carried out under the varying temperature conditions shown in Table 1 below. At the same 
time, the collecting device was struck with striking mechanisms 6a, 6b under the air-knocker 
striking conditions shown in Table 1 till the deposited crystals on the inner walls of the 
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cooling tubes 5 were peeled and dropped. 

The data obtained by the experiment described above, i.e. the radio of recovery of 
crystals, the purity of PMDA, and the appearance of PMDA, are shown in Table 1 together 
with the conditions of the operation of varying temperature. 
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It is clear from Table 1 that the combination of cooling and heating operations 
enabled even the crystals collected at 170"^ C to enjoy a very high efficiency of recovery, 
whereas the crystals collected at a low temperature as practiced heretofore suffered from a 
low efficiency of recovery. 
5 As regards the development of color in the product, while the products of the 

comparative examples were thought to obtain only poor separation of crystals deposited on 
the crystal deposition surfaces and consequently suffer the crystals developing a color due to 
the thermal history, the products of the examples showed high ratios of recovery even when 
the crystals were collected at a low temperature and solved the problem of coloration of the 
10 product. 

The entire disclosure of Japanese Patent Application No. 2002-225576 filed on 
August 2, 2002 including specification, claims, drawings, and summary are incorporated 
herein by reference in its entirety. 

15 
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